AP Biology

Photosynthesis:
Life from Light an.

|Energy needs of life
AAIl life needs a constant input of energy

£ Heterotrophs (Animals)

Aget their energ om
Eeat food = other organisms =(organic molecules

Amake energy through respiration
e Autotrophs (Plants)
Aproduce their own

ner

fconvert energy of sunlight
Mbuil
Amake energy & synthesize sugars through
photosynthesis
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/How are they connected?
Heterotrophs

making energy & organic molecules from ingesting organic molecules

glucose + oxygen - carbon + water + energy
dioxide

6CO, + 6H,0 + ATP
e

CeH1,06 + 60, -
oxidation = exergonic

Autotrophs

making energy & organic molecules from light energy

carbon + water + energy - glucose + oxygen
dioxide &= =

6CO, + 6H,0 +e'r;g[‘éy - CgHpO, + 60,
reduction = endergonic
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/What does it mean to be a plant

ANeed toé
e collect light energy
Atransform it into chemical energy
e store light energy
Ain a stable form to be moved around
glucose the plant or stored

£ need to get building block atoms
from the environment H.O
AC,H,0,N,P,K,S,Mg N 2
e produce all organic molecules K,P

needed for growth
Acarbohydrates, proteins, lipids, nucleic acids
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|Plant structure
AObtaining raw materials sarhorsuar

thesis, storage organ
respiration, and

e sunlight hoarospaton
Aleaves = solar collectors &

e CO,
Astomates = gas exchange
E HZO starch or sugar
—— storage organ

Auptake from roots

nutrients respiraton 1o
AN, P, K, S,y
co,

Auptake from roots

m

0 and
minerals
&ntaf ihiough
7ot hars.

Figure 24. Pholosynlhe'sis, respiration, leaf
AP Biology water exchange, and translocation of sugar
hotosynthate) in a plant.
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|Plant structure

A Chloroplasts
e double membrane
£ stroma outer membrane
A fluid-filled interior
e thylakoid sacs
£ grana stacks
AThyIakoid membrane
contains
e chlorophyll molecules
e electron transport chain
e ATP synthase

A H* gradient built up within
thylakoid sac

/Photosynthesis

ALight reactions
e light-dependent reactions \
£ energy conversion reactions

Aconvert solar energy to chemical energy

gy AATP & NADPH (&
graum Acalvin cycle

thylakoid -
e light-independent reactions
€ sugar building reactions

Auses chemical energy (ATP & NADPH) to
reduce CO, & synthesize C¢H;,04

inner membrang

stroma.

chloroplast H,'Ehﬂfikoid _
|Light reactions (

Mitochondria transfer chemical energy from food molecules
AElectron Transport Chain into chemical energy of ATP

. . L. ¢ use electron carrier NADH
Alike in cellular respiration 5 —

g€ proteins in organelle membrane

e electron acceptors il

ANADPH @ ) P
Intermembrane of electron
€ proton (H*) carrers

space
gradient across
inner membrane
Afind the double membrane!
o {
e ATP synthase
enzyme [
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[ —
ETC of Photosynthesis Chloroplasts transform light energy

’ into chemical energy of ATP ‘T h e ATP t hat AJackd

£ use electron carrier NADPH

photosynthesis respiration

@ sunlight breakdown of C4H,,04
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complex

Photosystem Photosystem |
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A moves the electrons
Aruns the pump ol A P pmmemenns
Apumps the protons AU | | LU
A builds the gradient

............. A drives the flow of protons
g through ATP synthase ADP + Py
generates 0, _am— A bonds P; to ADP INGE =
STROMA ” Ay A generates the ATP
4 ® W AP

é that evolution built

\Pigments of photosynthesis |A Look at Light
Cluster of R <iorophy 1 & AThe spectrum of color
Dloment molecule pcoc ﬂ b w  cuinchiorophyll a 9
G"m'"""'"’"'" ol e 105nm 10°nm _1nm_ 10%nm  10°nm  (10°nm) 10°m
(stack of Porphyrin ring Micro- i
thylakoids) icro: Radio
9,?;"_;‘,‘;?"’"‘9 B X-rays | UV Infrared waves waves
molecule)
Cie imo ¢ How does this
Chioroplast < i L molecular structure
" fit its function?
L . Visible light
AcChlorophylls & other pigments Y o
¢ embedded in thylakoid membrane
earrange hofosystemo 380 450 500 550 600 650 700 750 nm
A collection of molecules Shorlen: gth Longer
£ structure-function relationshi AP Bio Higher energy Lower energy

|Light: absorption spectra |Photosystems of photosynthesis
A Photosynthesis gets energy by absorbing A2 photosystems in thylakoid membrane
wavelengths of light . ;
- ehloronhvll e collections of chlorophyll molecules
E pny ) . .
A absorbs best in red & blue wavelengths & least in green € act as “ght'gathe”ng molecules
e accessory pigments with different structures ¢ Photosystem I reaction

absorb light of different wavelengths

Achlorophyll a
A chlorophyll b, carotenoids, xanthophylls

center

Chlorophyll AP680 = absorbs 680nm Eecron wanster - Primary [
lorophyll & : Photon v
Iavr\lltzy ?::n" N ) e Ghlorophyll & wavelength red light Z — o ‘c-*-
A / 51 ¢ Photosystem | o
FE AV Achlorophyll b
it AP;q, = absorbs 700nm
J't [ == Ok wavelength red light
-

antenna

-y ET h
pigments

Wavelength of light (nm) AP Biology
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STROMA
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AP Biology chlorophyll a

Energy of electrons.

Splitting of water
releases oxygen

Inhale, baby /
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Photosystem Il
P680
chlorophyll a
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reducing power /
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ETC of Photosynthesis

Cytochrome
complex

STROMA

|[ETC of Photosynthesis

AETC uses light energy to produce
¢ ATP & NADPH

| A go to Calvin cycle

APS Il absorbs light

excited electron passes from chlorophyll to
Aiprimary electron accept

need to replace electron in chlorophyll
enzyme extracts electrons from H,0 &
supplies them to chlorophyll

Asplits H,O

AQ combines with another O to form O

AQ,released to atmosphere

Aand we breathe easier!
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|[Experimental evidence

Awhere did the O, come from?
e radioactive tracer = Oyg

Experiment 1

6CO, + 6H,0 +e'r:gp$y - CgHyp0, + 60,

Experiment 2

6CO, + 6H,0 +euge$y - CgHypO, + 60,

Proved O, came from H,O not CO, = plants split H,O!

INoncyclic Photophosphorylation

ALight reactions elevate
electrons in
2steps (PSII&PSI)
e PS 1l generates
energy as ATP
E @generates
reducing power as NADPH

ke
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|Cyclic photophosphorylation

fPSIlcandt pass e tron

t o NADPyéléstback

to PS Il & makes more
ATP, but no NADPH V4
e coordinates light
reactions to Calvin cycle
g Calvin cycle uses more

ATP than NADPH %

18 ATP +

12NADPH - 1 CeHiOs

|Photophosphorylation

cyclic
photophosphorylation

NONcyclic
photophosphorylation
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